KEYWORDS: InAsSb, nanowire, self-catalyzed, molecular beam epitaxy, van der Waals, aspect ratio, graphite, graphene 32 InAs 1−x Sb x materials have long been recognized as highly 33 suitable candidates for infrared photodetectors since it possess 34 the narrowest bandgap energy among all the III−V semi-35 conductors (0.1 eV at room temperature).
1 Therefore, the 36 InAs 1−x Sb x tunable band gap would cover the two most 37 important atmospheric infrared windows, i.e., 3−5 and 8−12 38 μm. This enables a number of important applications such as 39 In addition, the monolithic integration of high AR InAs 1−x Sb x 56 NWs on graphitic substrates (GS) holds promise for the 57 development of high performance, flexible, and cost-effective 58 functional devices. In such hybrid architectures, the two-59 dimensional graphene substrate can function as an ideal 60 electrode because of its high transparency, high conductance, 61 and excellent chemical stability. 12, 13 Over the past few years, 62 several graphene-based devices including light emitting 63 Figure 1c ) demonstrated a small "seed" of material 130 just underneath the NW into the graphitic substrate (which is 131 brighter than the substrate and marked with a green circle in 132 the image),), i.e., it seems the NW is pinned to the substrate. 133 EDX spectra were carried out in areas 1 and 2 (yellow areas in 134 Figure 1d ). The atomic composition areas 1 and 2 were 48% 135 In−52% As and 49% In−51% As, respectively. Therefore, the 136 "seed" is InAs, which originated during the initial growth stage; 137 In droplets deposited in the graphitic substrate are 138 subsequently converted into InAs in the presence of excess 139 As. This seed acts as nucleation site to initiate NW growth.
140
In order to elucidate the conditions for realizing high AR 141 InAs 1−x Sb x NWs, a series of samples were grown on GS by 142 MBE. The growths were performed under moderately As-rich 143 (M-As) conditions (samples A and B) and highly As-rich (H-144 As) conditions (sample C) (see Methods for growth details). 145 The Sb composition (x Sb(%) ) in the NWs was controlled by 146 shown in Figure S5 in Supporting Information. We observed 350 In addition, among the NW samples on Si, sample F exhibits 351 the highest AR (inset of Figure 6 ) although it has a relatively 352 high Sb content (x Sb(%) = 4%), which is again associated with 353 the H-As condition that favors axial growth. This corroborates 354 the observed dependence of NWs AR on As-flux and further 355 confirms that highly As-rich conditions are essential for the 356 suppression of radial growth in favor of enhanced axial growth 357 in InAs 1−x Sb x NWs.
358
We also investigated the percentage of vertically aligned 359 NWs grown on GS as a function of x Sb (Figure 5c) . A low yield previously. 51 Figure 7 shows the PL spectra of three samples 388 with Sb composition of 0, ∼2%, and ∼12%. It should be noted that type II related emission could possibly 
